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(54) METHOD FOR DEFORMING 

THREE-DIMENSIONAL OBJECT AND MODELING 
SYSTEM 

(57) Abstract: 

PURPOSE: To easily perform local deformation and 
global deformation by the same operation by moving 
respective vertexes set as influence areas corresponding 
to a set deformation amount respectively. 

CONSTITUTION: A deformation processing part 23 
performs processings for moving the respective vertexes 
TPs of a deformation area CER 31 to set positions and 
moving the respective vertexes TPs of the influence area 
EER 33 corresponding to the set deformation amount 
respectively. The deformation processing part 23 is 
provided with a change vertex detection part 37 and a 
vertex data calculation part 38. The change vertex 
detection part 37 detects all the vertexes TPs present 
in the Influence area EER 33 based on geometrical data 
DGE stored in a 3D data file 28 and the vertex data 
calculation part 38 calculates the deformation amount of 
the vertex TP detected by the change vertex detection 
part 37 based on a function FTN and a function 
parameter FPM and further, calculates the positions and 
normal vectors. By calculated values, the data of the 3D 



data file 28 are updated. 
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I 

t)iS^^(D^^ 0 > (PG) iz ^ 0 3 :k7iB^Um 

(JT) <r>^jB:^^'C D X , 
^mmi& (CER) ^1 Lxm^^ tift 1 ^x^tm^<D^ 
mj^ (TP) m^-^ nft^m ccpd ^v^m^ 
it . 

ttim^mmm (cer) <ommiz:h\.^x^nmi^ (ee 
R) t Lxtkm^ nf:z^m.^ (tp) ^. la^^n^^ 

[m^j^2] la^^nfc^^?^*^-® (SLF) (r^^tb, 

B^IieS£J^m^S (CER) RD^HfliSj^S^i^ (EER) t 

it^wumi^^ . tiitd.^m$^i0. (CER) ^zsmum^ 

mt^ (EER) <D^Jf^tSci^tU^J:,t>iZ^B'^'tt^m 

f<:>'CxumQt3^m^^m^ (ftn) tLxtst^r^m 
[mMm4] mmm^^i^ (eer) ^m^^mm. 

(EER) <DiSt^<Drztb<D^^<DrTt:)tlX^^^l^miZfic>> 

cx . mm^mmm (cer) <D^mt)^ ih't(Di^:^^ri: 
t}^^ J: ^ ^zn^r ^mmm 1 rimmmm 3 (Di^^rn^^^z 

[sTi^ms] 'J zf > (PC) Jr^O^^ 

ti^ 3 :k7t&<}U!^^ (JT) (;)^x'J>yvXxA 
( 1 ) o T . 

i^m^ it ^ I ^x\tm^(Dm.^ ( t p ) ^'n^Bmm 

(CER) t LT^:^T^^J^mi«^i9:^^© (Ml) 

t , 

Hiiiei^f^tnis (CER) (Dmmmi<D^m. (cpt) 
^i^Lmm^^-^ (u 2) 

m'id.'&m9riits. (cer) <d mm\zi5^^x ^m^mmid 
(CER) tmw) vx^m'^mtr^^ mjii^^n^im 
(EER) t {.xWi^r ^m^tni^m^^^^ (ms) 

t , 

mt^mmm^ ( c e r ) o^miz t t>u o mi^m'^^ii^ 
(EER) <D^m.^ (TP) (D^^mm^m^r ^^BW: 
la^^g^ ( M 4 ) i . 

HTrE^J^^li^ (CER) (TP) 

fcii^K (CPT) (c^ifj $ -tir^i^/^mi^iaiSl^gi: (M 

5) t. 

Rfl IE £^ S ri 1« (EER) C7) ^ Jfi ,^ (TP) ^ . tft ^ ^ n 
( M 6 ) i . 

[ fil 3^ ^4 6 ] mtl^mfAtk^^^ ( M 4 ) . 
fHl IE ^/i 1^ (CPT) ^ (Dm^\ZfC^CX^m[iif)^^^ 
(FTN) ^aS:^r^gg&25^-^g^ (M 

4 i ) ^ , 
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(FTN) (Z)/^^^^? (FPM) ^ia^r-SA 

^^^^tftS^S (M4 2) t^^TL. 

ttimmmmi$Lis^m^^ (ms) RfiiEgai& (ftn) 

az^M^pC^ (FPM) (cH^l^^T^JFt^^C (TP) 

if)^o^S€ri?m-r ^^spm^© (m6 i) ^#lt 

/j:SI§^J^5fStE03:;^;:7c6<J;^j:#f^*t<7)^x'J > ^ Xt- 
[ 0 0 0 1 ] 

yj mRZ^'efJ > ^ X r- A izm-r ^ . CG (zi>hf:L 
-:5^y^>'^'^^:^) fi. CAD/CAM, b'v^X^^7 

^ nx^^ ^ , if^fc> c c \z ^ ^ 3 'A7tmu^^<D 

>^^'>XT'AtS, CAD/CAM£0^^IC:tett-5Sft^. 

sifi^. jjftjjfl, ifi^m. mm^u ^<Di&sf * mm. ^ 

S CO ^ 2? (c 3c^ i& S<j fij /B ^ n T i.^ -5 , 
[0 0 0 2] 3;iX:7c6<j;'cC^^(7)^T'u>^y>';;5^A-e 

[0 0 0 3] ^^mi^<DjfW\Z:hl^^X\t. CAD 

y c Au<D'j^m\zmf ^ <^ o u ihf)^ t\^^ ^\imm^ 

■:> X B dhf}^^ < mmx^ urn Amu ^ (D±^i^ 
X \t ^ n iz (D h 0) ^ . m < '^m^ it X "Ev" 0 > ^ 

n K ^ Z. t^^'^^X ^ ^ . 
[ 0 0 0 4] 

30 [^<it'^<D^m] t£^c^3i^T, m^f^if^i^^^r ^ 3 'A 

PI ^i^mcD X o tJim1^u^h^^^^iV}\zn^rJ}l.Lx ^n^'^ 
B 1.x < c tf3n'Ttorix ^ . 3 'Aytti^fjimi^ ^ mm 
m iz m ^ it ^ ~ uyj fh t L X . it ^-<^m 

, iZl , X d5i ^ It r S i i: t- . |g ^ L Jfi , 

m. x^tw:]<D^mm<Di</:m^m^^r ^:^fhf}^s^^. 

[0 0 0 5] ^f-. 3;i^:;ct><j;;£^^^;tci^G<jc^f^^-d- 
^-JjfhtLX. ^^C9^2 - 1 0 3 6 7 3 ^-fC83^$nT 
^ ct: ^ fC 1^ ^ liH lyj ft<J ^ g5 tt T ^ (7) c7) flfi ^ ^ 

40 it ^'jj Eczs^i^^ > ^ ^) —Tf.y ^ 7.xm^ 

[ 0 0 0 6 ] 

T (7) o ^ ^ o , f ;^cc ^ , hmi^tzm 
^- (D^j mx it , i^^i. rzm.ii-pm<D ^ ^m^u^iz^m^ 
itx'i^if^^it^ayx. m^^ummmumB\zit{^\^^x 
^ ^<D<D . n^m^ it ^ m.^x'^mcD^tji^ < un{tu^ 
12 . if\ ^ iz ^ it ^ z tyj^m L < u 0 . m ^^^u^ 
^^n^t^r ^ z t^i^mx ^ ^ . l^^^ , y'-^\x\<D^ 

50 ^i^^\Z. ^^^CD'HtB^Z 




3 

(0 0 0 7] ^fz. mi^O^yji^T^^t. l*"^A''i7>^^U- 

tu^^<Dv. Lf)^hmm&^\z<^i^<Dm.^'pm\zs^ 

[ 0 0 0 8 ] ^^m\t. ±.m<Dr^m\zm^xu^ tifzh 
(Dx. mmmumm:sLV^:km.mumB^m c \z <^ 
xm^izn^zii^^x^. Lf)^h7'-'$^m<r>gr\.^mmu 
^i^^f^f^i.^m-r^m-^xh^ii^^zt^uoi^f^^^^ 
mizu^zt^^u<mi^f}Uzmm^it^ct(Dxt^ 3 

c 0 0 0 9 ] mMWi 2 (D^m^t. -^^mo^^j^^iz^^i Lx 
nm^u^m ^ff ^ iz . -^to^mm^mBizr^zit 20 

m.(o^mm(D^^^^ ^ \zr ^ c t ^ tr ^ . 
[0 0 1 0] m^m 4 (D^mit. ^wmmom^^mM 

[0011] 

^ O iZ. n>ea--:^y^7>r'-y^X^fflVi, B:^^^^ 

^<Drf. lJz^>PG\ZJ:K)m.^tl^ 3 :k7tmU^^ J T (D 

"^M^fhX^-oX. l^m^^C R tL'Xm.^^ ntz I 30 

E E R tLxm,'&^rvtz^mM,T p ^ . WL'f^-^ntz^&B 
s (c JC6 i; T ^ n ^* n ^ gyj $ -y- ^ f£ T ^ -5 , 
[00 1 2 ] Uii^m 2 <D \z^. ^ Tj . Wii^-^ntz 

%\^t^ ' m S L F \Z%\\^ . w\7^'&]^mi^C E RRXS\\\\ rc! 
^f^n^E E R t\tnm^U^{itSL^ . iifr^Ei m M C E R 

& gt/ le ^ 5? i^ic E E R<o'itfs^ tn^ tu^ \zntm 

CO 0 1 3 ] mik^i 3 (D^njuz^.^yim^t. mti^m^ 40 
^ . mtz^m^iiiS.^^ <^ <Dmmizj;t>\:x^mmt^'i^^ 
^ F T N t L X 2st 'i^r ^ yj m X ^ ^ . trt:^m 4 (D^miz 
%^y5m\t. ntj 0E ^ 9? m E E R ^ , ^^m,^f^mm.E z 
R<r>tSL'^(Drz^(Dm-^^<Drrtotix\^^^n^\z\^.\:.x. 

ll^m^iiSLQ E R (D^mt^ ^ ^ <r>9\-Tj ^Jjli)^ ^ ^ o \Zl&. 
[0014] Siliiim S (D^m iZ^. ^ 7s 7^ J^it . ^ If A< 

^ ^ <7) 7f. ^) z^ > P G \Z J: K) ^ n ^ 3 :k r\:m u ^ ] T 
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J^^nii^ tSl:^^©M 1 i: , ^lei^f^^ni^ C E R cOSifl^co 

^sc p T ^rta^f s&^is^^^M 2 mm^mm 
mc E R<r>mmiz^i^^x^t$i^Bmi^c E R tmm LX 
nm-^mtr-<^m.^t:mmmi^E E R t vx^k^r ^ 
mmmmn^^^us mm^mmt&c e R<Dif^miz 
thUom^s.8^nmmEER<D^mj^rp<Dmmm'^tst 
^^Bmw:^^W:u 4 t . mMmmmmcER<D^ 
mj^T p ^ . ist^-^ tift^m c p r izii^m it ^^mn 
i^mm^mu s t . tiimmmni^EER<D^mM.T p 
^ . Wl^^ tift^mmizj^^cx^ti^n^m'^it^mm 

io 0 I s] m^m 6 o^miz^.^zyy^^ A x\t. mm 

l&H2:^¥SM4 1<t, wiW.m^F T N (D ^ >^ ^ F P U 

^m^-r ^ ^-^ ^ s^m^^^M 4 2 t L . m^mm 
mi^mm^mM 3 wimm^F t n :blz^/^ ^ ^ ^ f p 
u\zm^^^x&m.^T p <Dn^mm(Di^Lm^nmr^^m 

[0016] 

[ff^/H] y= > ^ X ^ A I iZ ^ ^ !^ ^ ] T CD ^ 

m^m.mr ^ . ji.^tp. x^tm^^m^^m^ ^ c t^z 
ctoT. 'i^mmmc E R ^tsf^T ^ . -Aiz. ^mm^c 
ERcD^Wi^o^m (^m^m) c p r ^m^r ^ . ^ 
bT, mm^a^E E R ^m.^\^ . ^mm t.vxm7L\tm 

^F T NlkXSn^ ^ ^ im^n^ ^ ^) FPM^iS^T 

coo 1 7] ^ o-r ^ t . ttm^ii^c E R^xj^^m^m. 
EER(D^miU.T p <Dnmmt^Wti\'^n. ^(DU^\zm 

I. F ^^^'iti.tz^fs \Z\t. ^^Uitf^f^mi^CER&u: 

'^^^{i^E E R\z%i {.xtiT^unii^h^n-^ri^ . 
[0018] . Ui^^m ^ \z^^'f ^^^^[i$.%,m^m 

^ «fi E E R <Dm'Jj (D m.4lT P ^^m^-^^fzi^CD^^ 

mmp\i^^m\z:t6n ^ ^it^^^x $> ^ , zti^ izj:oxm 
j^iT p ^f^^} ^it ^mmiz\t. m x^t^^ i T (Dt" - 9 

^^^l.ftyr-^}l<r>\Hm^i^^m.<D^—'5^\zX^x'SL 
[0019] 

inmrn] m 2 nm \z i> ^ ^) > cfiy x 7- A I <o 
^^ii'kfi^'T^u-j^m. ^ 3 i® OS H G tz ^ ^^ $ n Ac ^ 
]^^mWi<Dm\^ 5 r (Dm^Ti^rm. ® 4 ® h g ic ^ 

^ J T^'^B^f^i.fzmi\z'^^.^t\rzm<^} T ^7{^rm 
X ^ ^ . 

[ 0 0 2 0 ] m 2 \Z:h^^X . ^ x 'J > ^ -> X 5^ A 1 ti , 

m mi^ir, I I . Afi'jiiri I 2 . fd^i^iri I 3 , 5g ^ is (Pf 
I 4 yj^ <i m h% ^ nx :h 0 . ^ > p g \z ^ o ^ n ^ 

3 :kyt(^}fs.^i^ J T ^ & .7^ L m L U <o *J > ^ ^ 
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[0021] X:hmm I 2 \t , 4^-7t^-H, -7^7.. 9 
7s 9 ^ ^ 7. ^ y ts. E-Q ^ n . — 9 ti^^ 

;U 2 8 tt e» tlT ^ o 
[0 0 2 2] @3B:t^04$t)#BaUT, JI.^t'-^D 
TP«, i^^f^<7)^Ji.^TP<^3^7C<7)^S (x. y. 

TP^;:a:)tgr5;5^-5'DGEC<t-:3T, Z'KitmU^^ I 

[0023] ^mmm 1 i \t. ^mmiki^^B^ 2 1, ^ 
m/^^ ^ 9n^^ 2 2 . mm^m^^ 2 3 . ^^521^^112 

c B R :^zs^^M^m c p T ^sSl^I' . ^n-E-'n^Etst* 

1^ L T ^ , 

[0 0 24] m 4 {zm^ fix ^ X V \z . mmmi^c E 
R\t. mi^<Dmi^(otzi!t>izii^mt'it^vtr^i-oxit 

xtimm I 2 (omi^^z^^xmm^n^. mBmi$.c e 
R<Dm^it. mj^T p . x\tm'pm (^urf>PG) it 
j^-DXhtroct^^x^^o u^^u . mx\t^^^mL 

fzm^xh . ^ u > y -> 7. 5^ A 1 IC *5 tj- ^ i2i e fi Jfi 

.nr p (Dm&.\z^r^^^xnt>n^ . 
[0 0 2 5] i^f^^iiacPTti. mmmii^c E R ^mm 
^-ttrzWi<r>i<Lin^^<r^'-9x^o . m^i^, -^mta^ 
c E R \z ^ n ^ m fiti (D 1 ^ <D m T p t ^ n <D mm: 

(DUL^^-^O^^iZ^D \^ ^ y ^ Z t \Z <^ 0 m^^^ n 
[0 0 2 6] |£0/\*^^:5^gi!:^gii2 2ii, ^^Mi^EE 

R ^m.'^L X ^ (D 9 ^unr ^ 'i^'smmtii^B^ 3 
3. '^mL\^ik'^tr^mi^FrNiiLZ^m^/'^^^9FP 
M ^ tstj^ X ^ n ^ n ^ <D - 9 ^ tiiar ^ m ^t^nm 

3 4 RZJ^m^y^ 9 El^^^ 3 5. • SaSL 

F ^m-^LX ^<D^ - 9 ^mi&r ^ ^i^m • ifBIE1Egl5 3 
6 e W L T ^ - 

[0 0 2 7] m^mi^E E R\t. B m C E R (D m w. 

f(r)=dr=Cl/(a- 

{Hb, dx : Bm m. C E R <D m fjl 

a. nr/^-^^^^ (n>0) 

BgSc/-^^^5^FPMr^^a. n (Om^ZJ^^CX . ^f^m 
idE E R itn ^ (D ^^X 'd^it^ ^ . n /j^ ^ 

\Z U U fz ^ f}' it t U -D X i&tl , n f3^X^ iZ 

fi!. 'l^ U'^ it -0 X '^tl ^ , 
[ 0 0 3 6 ] m ^'^t. E3 4 (r 7f^ -r ^ ^ £7) 5^ ^ ri 1^ E E R 
'a . fci 6 -r ct O t- Km F T N ^ 6< [MI ^ ^ ^ F P 
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fCiJV^T, ^^^f^mi;^CER05^J^ti:=btZ^iljLT 

^iftpj^t-T'^^iM.^TP^r^trmi^-c^^o mmmi^ 
EER{Dm^yjmiz\,t'A\zm^^M^<D:^mt^$>^. 
[ 0 0 2 8 ] mi<D:^mit. ^mn^c ER<Dmm\z:fi 
^Mj^t p om^^m^r ^:^mx $> ^ , zom^^ 
mmmmz B R\t. jt^$n;fc]i.^TP<7?<@^cjt; 

UT, l?J^^giaCERc0^ffilci^^l;:fijr)^Te»n'5o 
[0029] ^20:^ffiti, R0¥gr$l&S'r'&:^S 

10 \im 'b ^ \H <D ^ »b t V X . mm^ nti^m r <D\H\Hiz^ 

mtl^-Dmm^i^C E RXU^^mi^f)^m^mi:^E E R t 

[0 0 3 0] m 3 (D^jm^t. mmmi^E E R (o^w 
^•r ^:^mx $> 0 . zom-^izn. mmm^c e r on 

t$.E E R t Lxm^^ ti^ . 
[0 0 3 1] m9i>tz(Dm3<Dy3miz^^xmv/^ 
rsj tm^Lxmm^i^LE ER^m^Ltzm^^-To 
comx^t. ^^^^(D 9m(D^,^t)^^Mm^c E Rom 
20 j^T p X 0 . ^ (DmmcD 7 2 m<D B .^/)^mmmi^E E 

R(Dm.^TPX^^o 

[0032] 4 (D:^m\t. Afl^m I 2 (Dmi^iZ^-D 

x^Bm.mcER<Dmm^mtsyjf&x&o. m^tzmi^ 
f)'i^^n[i0.EERtLxts:^^^n^. m s <D:^m^t. m 
?5rii^E E R o tst^ (D fz 0) m 0 t) nx ^ m m ^ 
■^[mL . 't(Dmv^\zji:^vxf^mmi^cERf)^ihn:b^f2: 

f)<^mid^^1^mi^E E R t LXtSc^^-r^^jf^X^^. 

xfft, '707s<D9'jy9mm^mmL. nfmmm\zit 
m Lx fuf}^ ^m^^^nmii^E E R 1 1. xtSL^r ^ , 
30 [0033] zn^(Di^rn(Dm^:^miz^\.^x^. m 
^$n^t^¥s«rii^EERois^, -e. mmuE^mmt 
6 -t*- . zn\z^-oxa(Dx^umm.y3^s^mmm.EE 
R t \^x i&^ai'^ n ^f)^f)^mmiz^-^ o t^cC *d . ±.m<D 



^mmi^c E R 


(Z 0 U T 






mm tu-^^ \zm^^i ^ 


n^jioiZ'mmM^-^txx 








[ 0 0 3 4 ] m 


SSC F T N 




^ C E R CO ^ f^l 75^ b 


(7) Si ^ r tz U 


T ^ iEij fit * 




56 ^ 


h(Dx h 0 . m^/^y 


> F P M , 


^OKIIJfc F 


T 


N <7D 




. EJg F T N 


(b L T ;^ CO 


( 


1 ) 




[ 0 0 3 5 ] 










) ) X d X 


• ( 1 ) 










« ^ IC . 


m 


5 iZ 


^ V \zutz f}^ \z 




fz. m 8 \z 




r ^ 


0 \zm^ F T N Rz^m 


^/-^y ^ 9 F P 


M ^ Jit: $ 


ti 


fzm 


t; , m 7 \z^r ^ 


0 \zf,^^ [z m 










[ 0 0 3 7 ] 






C E 


Rco^jn^-iCTp^^gy] 


^ i± ^ t . m'f^ 


i^n is^ E E R 


CO 




T p ^i ^ ^ M (z i; 


xnmr ^f)^. 


£^ 9? ?rm E 


E 


R X 


0 51^ '^j CD ili T p 


ii , c [Ml ^ F 


T N ^ 6< [351 
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[ 0 0 z 8 ] ^nm * m s L F i,t. cti^m^r^zt 
ism^m^E E R t^ttimumi^^ . mmmmc e r:bl 

Z^Se^mt^E ER<DmmtS^mtU^^O^Zf^BtSit^ 

$!im^m\zh. mmmmc E R&z^^^mmE s R^^tst 
ntz tm c^^h^f)^±c ^ . 

fl^t^^i*: J T CiSl^T, t^t^m ' m S L F t LT ^(D 

^'brntitst^Ltz t-r ^ t . m^^ntt^mmi^c E R 

^Z^mmmi^E E R^Z^if ^'b^^Pi^tL 

xBis^m\zhmti^. 

[0 0 4 0] mtt. $^mm • m s L F f)^mii^(D^ >bum 
'bM'u LtiiiLm\zmm^ ti^ t . c n tc ci: ^ i£ n , 
• iss L F t^m^i^c E R t<Dmm<Djt\zi^.c 
fzB tu^ o ^e»fc. %i ' m s L F f}< <^ J T <D 
m\z$> ^^-^ iz\t, zn\z ^ rc\zm^^ ntz 

^mmi^c E R^xj^m^mmE e Ro^mtmuyjmt 
UKi . Ltif)^-Dxm5<Dj:^iz^mm<D$>^^6fizeiiK 
<n '^^fi^m"^^ rix\^rz^^\z\t. nmm • ffu s l f 
^^^^\%. ^Wi'^<D^nm(r>%i'^\z^n. ^-o^twt 

[0 0 4 1] ^^%,n^2 ^J^^RJ^CERCO^m 

R (7) $ jfi T p ^ ifl: 5£ $ n 1^ s (c ^c.^ u T ^ n ^* n :^ 

[0 0 4 2 ] ft: rfi ,^ m 3 7 n , £^ 55 m jj^ e e r ic 
$ n T s H 7^ - D G e T ^ U! -r -5 , /rh^c 

7=^-^1^01^^^ 3 8 (i, EJai&FTN25:t^tJ$I&/t^^5^FP 

M ^ -3' 0^ T . {c m *3Et aj sfi 3 7 t- <t 0 ^ (H u m 
T p CO r,t ^ -PC u . $ e> (- 3 > ^ y - -T ;u 

^ 5^ <7) ^Tt J? ^ ?T T^j: ^ . J? ai $ n ;t cfc o T . 3 D - 
^7r-r;U2 8(7)jrL'^Sx-^^DTP^5e^-r'5, 
[ 0 0 4 3 ] 3i iSLL Q! Sl^ 2 4 . X ti ^Ji Zi \ 2 <b <r> ^ 

fr^\z&r5^^x , z\:>'f-9'yT-{)V2%\z^m^t\fzm 

^ } T ^ ^ ^< ^ t^i 1 4 (0 0a iili H G (C ^ ?Tn r -5 A:: i6 CO iiLL SI 
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